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SEALED TERMINAL

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a sealed terminal
having the improved anticorrosive characteristic and
water sealing characteristic. |

2. Description of the Prior Art

A sealed terminal has been widely used for various
electric apparatuses which require air tightness or water
sealing characteristics. The present invention will be
illustrated in the case of an auxiliary anode which is
used for electric hot water apparatuses.

Apparatuses for containing water include electric hot
water apparatuses using electric power at night and hot
water apparatuses using heat source of petroleum and
gas. These hot water apparatuses have been widely
used. A metal vessel is usually equipped in these hot
water apparatuses and enamel coated vessels or stainless
steel vessels have been used because of anticorrosive
characteristic of the vessels.
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These vessels usually have a closed structure having -

no opening and accordingly, they have a welded part.
Even though stainless steel is used, the corrosion of the
welded part i1s disadvantageously found. When an
enamel coated plate is used, the uncoated part is always
found at the welded part whereby the corrosion can not
be prevented.

In general, metal dipped in water has a specific poten-
tial because of ionization of the metal. The potential is
referred to as galvanic potential or corrosion potential,
and the corrosion is caused by the corrosion potential.
In order to prevent the corrosion, the current is fed
from the other electrode for inhibiting the ionization of
the metal. A galvanic anode system and an impressed
current system have been known as the cathodic pro-
tection method in the principle.

In the former system, a metal which has lower corro-
sion potential and 1s easily ionized is electrically con-
tacted to form an electric cell so as to provide a result-
ing suitable current. In the conventional hot water ap-
paratus, the former system has been widely employed.
A magnesium metal rod has been used as the galvanic
anode. The galvanic anode requires a large surface area
so as to generate current needed for the protection.
When the vessel is large, 1t is necessary to use a magne-
sium metal rod having a larger diameter or to increase
the number of the magnesium metal rods and, accord-
ingly, the same is expensive. Sometimes, the magnesium
metal rod is damaged by partial consumption whereby
the protective effect 1s remarkably small or is disadvan-
tageously not to be found. A further disadvantage is the
dissolving of magnesium in water whereby the quality
of water 1s inferior.

In the impressed current system, an electrode is in-
serted into the vessel containing water in simple struc-
ture whereby suitable power voltage is applied from the
outside to form the anode and the current required for
protection is obtained. When the vessel is larger, it is
enough to control the potential so as to control the
current and the number of the electrodes need not in-
crease since the related cost is not as high as the gal-
vanic anode system.

The latter system is excellent in overcoming the dis-
advantages of the life of magnesium metal rods such as
the disappearance of the function caused by falling
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down or the change of quality of water caused by dis-
solving magnesium.

Although the impressed current system has a remark-
able efiect in principle, the system has not been practi-

cally applied because a sealed terminal or the electrode
equipped in the sealed terminal has not yet been ob-
tained.

The main characteristic required for the electrode is
to have smaller consumption as the anode. The main
characteristic required for the sealed terminal is to have
enough insulation with respect to the wvessel and to
maintain the air-tightness or the water sealing charac-
teristic as well as bearing high thermal shock. It is pref-
erable to prevent the deterioration of characteristics of
the sealed terminal and the electrode in aging. It is
especially effective to use the eiectrode rod which is
used as the terminal conductor of the sealed terminal in
one piece structure so as to decrease the processing
steps and to reduce the cost.

In order to satisfy the characteristics, the electrode
rod used as the anode is preferably made of platinum
which maintains perfect anticorrosive characteristic
and the non-consumption characteristic, however, it is
disadvantageously expensive. On the other hand, a
metal coated with platinum such as a titanium wire
coated with platinum has excellent anticorrosive char-
acteristics and can be used under high current density
and can be advantageously used as the electrode rod

from the viewpoints of these characteristics as well as
the cost.

On the other hand, the characteristics of the insulator
tor seal-bonding the terminal conductor and the sealing
structure are important for the sealed terminal.

Referring to the drawings, the conventional embodi-
ments will be discussed. FIGS. 1 to 4 are respectively
the sectional views of the conventional embodiments of
the sealed terminal used for the hot water apparatus.

In FIG. 1, the reference numeral (1) designates a
terminal conductor which is also used as the electrode
rod; (2) designates a substrate made of iron which has
flange; (3) designates a terminal opening forward in the
substrate; (4) designates an insulator which is inserted
into the terminal opening and is made of porcelain for
holding the terminal conductor (1) under insulation by
the hole formed at the center; (5) and (§) respectively
designate metallic film formed on the surface of the
insulator; (6) designates a base metal which is welded
with braze to the terminal conductor; (7) and (7') re-
spectively braze for sealing the substraie (2), the insula-
tor (4) and the terminal conductor by the welding; and
(8) designates a screw formed outer surface of the sub-
strate (2). In the conventional embodiment, the terminal
conductor (1) is also used as the electrode rod. The
reference (9) designates a metal vessel. |

In the conventional sealed terminal, the metallic film
(5), (§') or the base metal (6) is used for brazing the
terminal conductor (1), the insulator (4) and the sub-
strate (2). However, the disadvantage of limitation of
the material is found because of the indispensable condi-
tion based on the difference of coefficients of linear
expansion of the parts. For example, even though the
titanium wire coated by the platinum plating which has
an excellent anticorrosive characteristic is preferable as
the terminal conductor (1), it could not be used in prac-
tice because the platinum coat is peeled off in the weld-
ing with braze. The base metal for welding and the
braze (7') are disposed in the anode side to expose it to
hot water, whereby the anticorrosive characteristic as
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the elecirode is inferior. The anticorrosive characteris-
tic is required only in the side of the terminal conductor
(1) as the anode without the relation of the substrate (2)
which is electrically insulated. The mutual connection
of the substrate (2), the insulator (4) and the terminal
conductor (1) is provided by the braze (7') through the
metallic film (5) and the basic metal (6) for welding
whereby the mechanical strength is disadvantageously
quite low.

In the conventional embodiment shown in FIG. 2,
the parts (1) and (4) to (9) are identical or corresponding
to the parts in FIG. 1. The insulator (4) made of porce-
lain is held in sealing with a pair of packings (10), (10')
and the screw (11) for fitting the packings. In the con-
ventional embodiment of the sealed terminal having the
above-mentioned structure, the disadvantages of the
limitation of the material for welding with braze and the
strength and the low anticorrosive characteristic caused
by contacting the welded part with the hot water are
also found to be the same as those of FIG. 1. Moreover,
the number of the parts is increased so as to complicate
the assembly.

In the conventional embodiment of the sealed termi-
nal shown 1 FIG. 3, the parts (1), (2), (4) and (9) to (11)
are identical or closely corresponding to the parts in

F1G. 2. The reference (12) designates an electrode rod
" which is welded on the terminal conductor (1). In this
case, Fernico is used as the terminal conductor (1) and

the insulator (4) is made of glassy material which seals
the terminal conductor (1) with the substirate (2). The

substrate (2) is held on the body of the vessel through
the packings (10) and (10') by the screw (11).

In the conventionai embodiment, the material for the
terminal conductor (%) 1s limited to Fernico etc. from
the viewpoint of the coefficient of linear expansion.
Even though the titanium wire coated by the platinum
plating which has excellent anticorrosive characteristic
is used as the electrode rod (322), the terminal conductor
made of Fernico eic. 1s exposed into the hot water
whereby the anticorrosive characteristic is inferior and

many parts such as packings (10) are used disadvanta-
geously.

In the conventional embodiment shown in FIG. 4,

the parts (&) to (4), (8), (9) and (12) are identical or °

corresponding to the parts in FIG. 3. The references
(13), and (13") respectively glassy sealing composition
for seal-bonding the insulator (4) made of porcelain and
the electrode rod (12) made of conductive ferrite, and
for seal-bonding the insulator (4) and the substrate (2).
The reference (14) designates a filler made of cured
resin for fixing the connecting part between electrode
rod (12) and the terminal conductor (1), at the terminal
opening (3).

In the conventional embodiment, the electrode rod
(12) made of the conductive ferrite has the anticorrosive
characteristic being inferior to the titanium wire coated
by the platinum plating but superior to the Fernico or
the braze. However, the electrode rod (12) has inferior
mechanical strength and thermal shock resistance
whereby it it easily broken by slight shock at the assem-
ble. When this i1s equipped in the hot water apparatus,
this is easily broken near the contact to the insulator (4)
by repeating the heating and cooling cycles. The elec-
tric resistance of the electrode rod is remarkably high in
comparison with the other metals whereby disadvanta-
geously the current 1s hmited.
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The necessity for improving insulation between the
terminal conductor and the metal vessel will be ex-
plained as follows.

FIG. 5 is a schematic view for describing the princi-
ple of the outer power source system. In FIG. 5, the
reference (20) designates a DC power source while (21)
designates the welded part.

Even though the inner wall of the metal vessel (9) is
coated with enamel, the metal is exposed at the welded
part (21) so as to cause corrosion. In order to prevent
the corrosion of the welded part (21), the terminal con-
ductor (1) 1s disposed in the connection to the DC
power source (20) to give positive potential to the metal
vessel (9).

The characteristics required for the terminal conduc-
tor (1) are basic characteristics such as less consumption
of the electrode, high thermal shock resistance, high
mechanical strength and complete water sealing charac-
teristic as well as easy assemble in the wall when it is
used in practice. The reliability for extended time is
quite important. |

The most important problem with respect to reliabil-
ity i1s the insulating characteristic between the anode
and the cathode.

In such anticorrosive device, the terminal conductor
(1) as the anode is disposed at the center and the sub-
strate (2), being short-circuited to the cathode is dis-
posed at the peripheral part and the insulator (4) is filled
in the space. The substrate (2) is directly connected on
the wall of the metal vessel (9).

The insulation resistance is mainly dependent upon
the creeping resistance of the water-contacting surface
of the insulator (4) disposed between the electrodes.
From the viewpoint of reliability for long time, it is not
irue that the creeping resistance is considered to be the
most important factor.

The reason for this will be described hereinafter.
When the anticorrosive electrode is used for the vessel
in the condition of complete control of water as a large
boiler, there is less problem. However, when it is used
for a house-hold hot water apparatus using electric
power at night, the problem is serious. Various kinds of
water 1s supplied to the hot water apparatus and water
having high permanent hardness or temporary hardness
1s used, or water containing various ionized materials,
whereby the material formed by the electrolysis is de-
posited around the electrodes. The deposited material
has high electric conductivity whereby the insulation
resistance between the electrodes is lowered. The phe-
nomenon 1S dependent upon the time of use and is disad-
vantageous from the viewpoint of long reliability.

In the electrode structure shown in FIG. 5, the mate-
rials formed by the electrolysis are deposited on the
peripheral parts (22) between the electrodes whereby
the insulation resistance between the electrodes are

decreased and the long period reliability is unsatisfac-
tory. |

SUMMARY OF THE INVENTION

It 1s the object of the present invention to overcome
the disadvantages of the conventional sealed terminals.

The present invention provides a sealed terminal
wherein a terminal conductor as an anticorrosive elec-
trode 1s seal-bonded to a terminal opening formed in the
metal vessel with an insulator which comprises main
components of mica and a glassy material and which is
softened at lower than about 900° C. and is plastic de-
formable under compression. It is not necessary to weld
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the terminal conductor with braze whereby the disad-
vantages of the limitation of the material and low me-
chanical strength for the welding with braze or the low
anticorrosive property. of the braze under contacting
with hot water are experienced.

The present invention also provides a sealed terminal
wherein the coefficient of linear expansion of the metal
vessel is larger than that of the insulator comprising
main components of mica and the glassy material with
the coefficient of linear expansion of the insulator being
larger than that of the terminal conductor, whereby the
compressed force is always applied, from the outer side
in the range of temperature, in the sealed terminal
molded at high temperature and the sealing characteris-
tics, especially the water sealing charactenstlc, are re-
markably high.

The present invention also provides a sealed termmal
wherein the insulator has an elastic characteristic so as
to absorb mechanical shock because the mica powder
has a fissility characteristic.

The present invention further provides a sealed ter-
minal wherein the insulator is projected into the metal
vessel whereby the creeping distance between the ter-
minal conductor and the metal vessel is long and the
insulation between the terminal conductor and the
metal vessel is improved.

BRIEF DESCRIPTION OF THE DRAWINGS

Various other objects, features and attendant advan-
tages of the present invention will be more fully appre-
ciated as the same becomes better understood by refer-
ence the following detailed description when consid-
ered in connection with the accompanying drawings in
which like reference characters designate like or corre-
sponding parts throughout the several views, and
wherein:

- FIGS. 1 to 4 respectively show sectional views of the
conventional sealed terminals;

FIG. 5 is a schematic view for illustrating the princi-
ple of anticorrosive apparatus of a metal vessel in an
outer power source system;

FIG. 6 is a sectional view of one embodiment of a
sealed terminal according to the present invention;
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FIG. 7 is a sectional view for illustrating an assembly _

of the sealed terminal of the present invention; and

FIG. 8 is a sectional view of the other embodiment of

the sealed terminal of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

In FIG. 6 which is a sectional view of one embodi-
ment of the present invention, the parts (1) to (4) and (8)
and (9) are identical or correspond to parts of the em-
bodiments of the conventional sealed terminals.

The terminal conductor (1) is a titanium wire coated
by platinum plating and the substrate (2) is made of 1ron.
The terminal conductor (1) and the substrate (2) are
seal-bonded with an insulator (4) made of mica-glass
composition containing main components of glassy
material and mica which is softened at lower than about
900° C. and is plastic deformable under compression
and can effectively seal-bond the terminal conductor
(1), the substrate (2), and which is not critical.

When the terminal of the present invention 1s used as
an anti-corrosive electrode of a hot water apparatus
which is used for drinkable hot water, it is necessary to
prevent a dissolution of toxic components as well as to
maintain heat resistance and water leak resistance. The
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inventors have found that a glaze of enamel can be
effectively used as the glassy material used in the above-
mentioned purpose whereby the present invention has
been accomplished. The preparation of the sealed termi-
nal shown in FIG. 6 will be explained hereinbelow.

FIG. 7 is a sectional view of one embodiment for
preparing the sealed terminal of the present invention.
In FIG. 7, the parts (1) to (4) are identical parts to that
shown in FIG. 6. The reference numeral (15) designates
three divided walls; (16) designates a frame for holding
the walls; (17) designates anvil which holds a terminal
conductor (1), the substrate (2) and the insulator (4)
which is molded under compression, in the cylindrical
space formed by the walls; (18) designates a pre-shaped
composition which contain main components of the
glassy material and the mica; (19) designates a push rod
which compresses the pre-shaped composition in the
arrow line direction. The pressed mold 1s formed by the
parts (15) to (19).

The left half part (A) of FIG. 7 shows the condition
wherein the pre-shaped composition (18) is not com-
pressed. The right half part (B) of FIG. 7 shows the
condition wherein the pre-shaped composition (18) is
compressed by the push rod (19) so as to bond the termi-
nal conductor (1) and the substrate (2) in a sealed rela-
tionship.

The pre-shaped composition (18) can be obtained by
using 40 wt. parts of glaze of enamel for an iron vessel
which does not contain a toxic component such as lead,
cadmium, and barium to dissolve in water and has a

standard sintering temperature of about 8C0° C. and is

pulverized to less than 200 mesh pass, and 60 wt. parts
of artificial fluorine-containing phlogopite having 60 to
200 mesh and adding water to the mixture in wet condi-
tion and molding the wet composition by a press-mold-
ing in a cylindrical shape having a central hole to which
the terminal conductor (1) is inserted.

For example, the pre-shaped composition (18) having
an outer diameter of 30 mm and an inner diameter of the
hole of 3 mm is prepared by compressing it under the
pressure of 7 tons. The resulting pre-shaped composi-
tion is kept in an electric furnace at 85° C. for 10 min-
utes.

On the other hand, the pressed mold shown in FIG. 7
is formed by heating the assembly at about 400° C. and
inserting the substrate (2) heated at about 450° C. in the
other electric furnace, into the space and setting the
pre-shaped composition (18) heated at 850° C. for 10
minutes, the terminal conductor (1) heated at 450° C.
and the push rod (19) rapidly as shown in the left hand
part (A) of FIG. 7 and compressing the push rod (19)
under the total pressure of 15 tons. When the compres-
sion is carried out, the pre-shaped composition (18) can
be converted into the msulator made of the mica-glass
molded product as shown in the right hand part (B) of
FIG. 7 whereby the terminal opening (3) is completeiy
filled and the substrate (2) and the terminal conductor
(1) are sealed. The compressed condition is maintained
for 3 minutes. Then, the mold is disassembled to take
out the molded product of the sealed terminal.

The sealed terminal prepared by the preparation of
the present invention is in the condition of a sintered
fitting for fastening the terminal conductor (1) and the
insulator (4) by the substrate (2) under the difference of
thermal expansion of the materials, whereby excelient
sealed characteristics can be attained.

The pre-shaped composition (18) fed into the termi-
nal opening (3) of the substrate (2) under the pressure at
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elevated temperature has the molten glassy material
which is changed in the solid condition by cooling it at
a temperature lower than the transition temperature
(about 400° C. in the above-mentioned example).

The coefficients of linear expansion from about 400°
C. to room temperature are respectively 11.5 X 10—
for the substrate (2); 9.5 X 10—°for the insulator (4) and
8.8 X 10~° for titanium as the terminal conductor (1).
The coefficient of linear expansion of the outer part is
higher than those of the inner parts.

In the sealed terminal molded in the condition at the
elevated temperature, the compressed force is always
applied from the outer substrate (2), in the range of the
temperature in the use of the apparatus whereby the
sealed characteristic, especially the water sealed char-
acteristic, 1s excellent.

From the viewpoint of the anticorrosive characteris-
tics, the sealed terminal can be prepared without caus-
ing any damage to the plated surface coated on the
terminal conductor (1). Moreover, the insulator (4) can
be prepared by using the glassy material such as a glaze
of enamel which can be coated on mica having an excel-
lent anti-corrosive property and on the surface of a
body of the hot water apparatus whereby excellent
anticorrosive property can be attained.

It 1s unnecessary to carry out the soldering or the
welding with braze, whereby the terminal conductor
(1) can be effectively used as the anticorrosive electrode
rod. The glassy material which does not contain a com-
ponent for lowering a melting point such as lead, cad-
mium or barium-component, can be effectively and
advantageously used from the viewpoint of the toxicity.

From the viewpoint of the thermal shock and the
mechanical shock, the mica used in the insulator (4) has

fissility property whereby the insulator has elastic char-
acteristic and has superior impact strength in compari-
son with those of porcelain or glass.

The strength for removing the insulator (4) made of
the mica-glass molded product shown in FIG. 6 was
measured to be higher than about 1.5 tons and there was

found to be no problem with regard to thermal shock. 49

Moreover, the temperature for heating the substrate (2)
can be low, such as about 450° C., whereby the defor-
mation is not caused in the molding at the elevated
temperature under compression and the formation of
thick oxide membrane on the surface is not found. Ac-
cordingly, the screw (8) for fixing it to the vessel can be
formed before the molding operation whereby the same
can be economically obtained.

In the above-mentioned example, the titanium wire
coated by the platinum plating was used as the terminal
conductor. Thus, the terminal conductor can be a metal
or other conductive material having a relatively small
coefficient of linear expansion, especially having a coef-
ficient of linear expansion smaller than that of the insu-

lator (4) made of the mica-glass molded product.

The glassy material is not limited to the glaze of J°

enamel and the mica is not limited to the artificial fluo-
rine-containing phlogopite.
A substrate (2) made of iron was used. Thus, the

substrate made of a material having a coefficient of

linear expansion higher than that of the insulator (4)
such as bronze or stainless steel can be effectively used.
The substrate (2) can be a part of the apparatus such as
the wall of the body of the vessel.

The insulator (4) shown in FIG. 8 is different from

those of FIGS. 1 to 6. The insulator (4) is projected into 65
the metal vessel (9) and the terminal conductor (1) is
projected through the insulator (4) into the metal vessel
(9). The terminal conductor (1) and the metal vessel (9)

8

are connected to a DC power source as shown in FIG.
S.
In accordance with the sealed terminal having the
above-mentioned structure, the distance between the
5 terminal conductor (1) as the anode and the outer fitting
as the cathode is large whereby the surface resistance
between both electrodes is high and the potential den-
sity 1s low. Accordingly, the velocity of the electrolysis
for forming in water is remarkably low. Even though
the formation in the electrolysis is caused in use over a
long period of time, the distance between both elec-
trodes 1s too long and the lowering of the insulation
resistance is small. The fatal defect of the lowering of
the insulation resistance which has been found in the
conventional embodiments are completely overcome
and long term reliability has thus been attained.

The use of the sealed terminal of the present inven-
tion as the anticorrosive electrode for the hot water
apparatus has been illustrated. However, the sealed
terminal can be used as the other insulating terminals.

As illustrated, in the present invention, the terminal
conductor is seal-bonded with the insulator of the mica-
glass composition which is softened at lower than 900°
C. to provide excellent anticorrosive characteristics,
water sealing characteristics and impact strength.

Obviously, numerous modifications and variations of
the present invention are possible in light of the above
teachings. It is therefore to be understood that within
the scope of the appended claims, the invention may be
practiced otherwise than as specifically described
herein. In the case of the outer power source system for
anti-corrosion of a metal vessel, the insulator is pro-
jected into the metal vessel whereby the deterioration

of the insulating characteristics between the metal ves-
sel and the terminal conductor can be prevented.

What 1s claimed is:

1. A sealed terminal for mounting in a vessel which
COMprises:

a terminal conductor comprising titanium coated by

platinum plating; |

an insulator comprising mica and a glassy material
including a terminal opening disposed therein and
within which said terminal conductor is seal-
bonded: and,

a substrate member comprising iron interconnecting
said insulator and said vessel and including a screw
formed outer surface which operatively engages
sald vessel.

2. A sealed terminal according to claim 1 wherein the
coefficients of linear expansion of said substrate, said
insulator and said terminal conductor are respectively
lower in said order.

3. A sealed terminal according to claim 2, wherein
the coefficient of linear expansion from 400° C. to room
temperature is 11.5 X 10— for the substrate, 9.5 X
10— for the insulator, and 8.8 X 10— for the terminal
conductor.

4. A sealed terminal according to claim 1 wherein
said glassy material is glass which does not substantially
contain lead, cadmium and barium.

5. A sealed terminal according to claim 1 wherein
said mica comprises artificial phlogopite fluorine.

6. A sealed terminal according to claim 1 wherein
said terminal conductor is adapted for application of
positive electrical potential and said substrate is adapted
for application of negative electrical potential.

7. A sealed terminal according to claim 6 wherein
said insulator is disposed so as to project from said
terminal opening to the inner direction of said substrate.

8. A sealed terminal according to claim 1, wherein

said glassy material comprises glaze of enamel.
% I h e SR
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